To evaluate the cytotoxicity of temporary luting cements on bovine dental pulp-derived cells (bDPCs).
INTRODUCTION
Temporary cements are used for luting provisional indirect restorations including inlays, onlays, full crowns, and fixed partial dentures (FPDs), as well as for temporarily luting definitive restorations of the same types. [1] [2] [3] Before the bonding of the final restoration, temporary cements are required to veneer the freshly prepared tooth and to guard the pulp from peripheral stressors such as thermal, mechanical and noxious microbial effects for the required time period, as well as to maintain adequate masticatory function, phonetics and esthetics. 4, 5 These cements cap the pulp, and the teeth should be observed for signs of possible irreversible pulp damage until placement of the final restoration. 6 Because the temporary cement is located very close to the pulpal tissue and maintains prolonged contact with the freshly cut dentin-pulpal complex, its impact on pulpal cells is of great interest, especially when the dentin is thin or pulp exposure is noted during tooth preparation or caries removal. 7 There is a critical importance for freshly opened dentinal tubules after tooth preparation due to pulpal vulnerability. 8 Toxic elements released from these cements may cause a reaction in adjacent tissues, such as pulp, gingiva, alveolar bone or mucosa. Thus, the biocom-patibility of temporary cements is required for clinical success. The toxicity and biocompatibility of permanent traditional and resin luting cements have been widely studied, and prior findings show varying degrees of biological effects. [7] [8] [9] These studies reported that the tested resin-based cements significantly decreased cell vitality. 7, 9 However, little information is available in the prosthodontic literature concerning the biocompatibility of temporary cements.
Although the developments and improvements in temporary cements are satisfying, their biocompatibility is an important question for dentistry. In our present study, we investigated the cytotoxicity of four different temporary cements on dental pulp-derived cells (bDPCs) with realtime and continuous monitoring of cell vitality.
MATERIALS AND METHODS
Four different temporary cements were tested in this experiment: Rely X Temp E (3M ESPE, St. Paul, MN, USA), Ultratemp (Ultradent Products, South Jordan, UT, USA), GC Fuji Temp (GC America Inc, Alsip, IL, USA), Rely X Temp NE (3M ESPE, St. Paul, MN, USA). Material details and compositions are shown in Table 1 . Samples were manufactured according to the recommendations using standard Teflon plates (5 × 2 mm diameter and depth) under disinfected conditions. Ten samples were used from each group for testing.
The bPDCs (the cells were named SVNeo3 cells by the group) were kindly provided from Prof G. Schmalz (Regensburg University) 7 and were cultured in α-MEM supplemented with 20% FBS, penicillin (150 IU/mL), gentamicin (0.1 mg/mL), and streptomycin (150 μg/mL) at 37ºC and 5% CO 2 . Cells within passages 19 to 23 were used.
The specimens (Rely X Temp E, Ultratemp, and Rely X Temp NE) were submerged in seven mL of culture medium for one day at 37ºC to remove residual monomer or cytotoxic substances. The culture medium containing the material extracts was filtered to use on the cell cultures. The test designs for this study were completed following ISO 10993-5.
10 Control experiments contained only medium. The system of xCELLigence (Roche Applied Science, Mannheim, Germany) consists of four main modules: an impedance-based real time cell analyzer (RTCA), an RTCA single plate, an RTCA computer, and a 96-well plate. The RTCA single plate was positioned in a tissue-culture incubator. The electronic impedance of the sensor electrodes was measured to allow observing and revealing of physiologic changes in the cells. The impedance measured between electrodes in each well depends on electrode geometry, ion concentration in the well, and whether the cells are attached to the electrodes. In the absence of cells, electrode impedance is mainly determined by the ion environment at the electrode-solution interface and in the bulk solution. In the presence of cells, cells attached to the electrode sensor surfaces act as insulators and thereby alter the local ion environment at the electrode-solution interface, leading to increased impedance. 11, 12 The tested material samples were incubated in DMEM culture medium for 72 hours according to ISO 10993-5. The bPDCs were maintained with DMEM containing 10% fetal bovine serum. The xCELLigence system was used to assess cell survival. After seeding 200 mL of the cell suspension into each wells (7,500 cells/well) of the 96-well plate, the bDPCs were preserved with bioactive components released by the luting cement materials and were monitored every 15 minutes for 72 hours. Control samples received only medium.
Morphologic alterations of the bDPCs were observed directly using an inverted microscope (10x; TS100 Nikon Eclipse, Tokyo, Japan) and photographed by a camera (Nikon Eclipse, Tokyo, Japan) at 30 minutes and 2 hours.
To evaluate the morphology and adhesion of the bDPCs (100,000 cells (25 µL)/resin discs), cells were seeded on the luting resin cements, which were placed on tissue culture inserts. Cellular adhesion was assessed with scanning electron microscopy (SEM) on day 3. For SEM evaluation, cells were fixed on the resin cements for 15 minutes with 2.5% glutaraldehyde in 0.01 M PBS. After removal 
RESULTS
All tested temporary cements showed significant decreases in the bDPCs index. Rely X Temp E, GC Fuji Temp, and Rely X Temp NE were severely toxic at both time points (24 and 72 hours) (P<.001). When the cells were exposed to media with bioactive components released by Ultratemp, the cell viability was similar to that of the control at 24 hours (P>0.05); however, the cell viability was reduced at 72 hours (P<.001) (Fig. 1, Table 2 ).
When viewed with light microscopy, the bPDCs were elongated in appearance. While exposure to Rely X Temp E and Ultratemp led to expansion of the intercellular gap even after 30 and 120 minutes, the cells' spindle-like appearance was preserved. Cell density decreased in the tested groups compared to that of the control group. Light microscopy images confirmed the real-time cell analyzer results. As the toxicity increased, the cells had a rounded shape, indicating that they were no longer alive, especially the cells in the GC Fuji Temp and Rely X Temp NE groups (Fig. 2) .
In the SEM examination, the cells exhibited ovoid to rounded morphology with cytoplasmic extensions adapting to the tested temporary cements. However, the surface characteristics of Ultratemp seemed different when compared to the other materials; the shapes of cells attached to Ultratemp appear more preserved when compared to cells on Rely X Temp NE and Rely X Temp E (Fig. 3) . The bPDCs had a rounded form, especially the bPDCs in the GC Fuji Temp and Rely X Temp NE groups, demonstrating that they were datival (Fig. 2) . 
Cell index at 72 hours
Cytotoxicity of temporary cements on bovine dental pulp-derived cells (bDPCs) using real-time cell analysis
DISCUSSION
The research obviously demonstrated that the Rely X Temp E, GC Fuji Temp, and Rely X Temp NE were more toxic than Ultratemp. In addition, Ultratemp was also cytotoxic materials when compared to the control at 72 hours.
Using cell culture to investigate dental materials has several benefits: it is relatively easy to perform, reproducible, cost effective, and accurately controlled. [12] [13] [14] [15] [16] To investigate the biocompatibility of temporary luting cements, dental pulp-derived cells (bDPCs) were used, and this study first performed an evaluation of the cytotoxicity of several temporary luting cements using real-time and continuous monitoring of cell vitality. Using cell culture to investigate dental materials has several benefits: it is relatively easy to perform, reproducible, cost effective, and accurately controlled. [12] [13] [14] [15] [16] Real-time and uninterrupted observation permits label-free evaluation of cell proliferation, vitality, and toxicity. Compared to classical endpoint cell-based assays, dynamic observation of cellular conditions, such as cell adhesion, increase, proliferation, growth, and apoptosis provides a great advantage of the real-time design for optimization of cell concentrations and conditions for in vitro assays before and during experiments. 11, 12 The real-time test method proved to be useful to estimate cell densities in small culture volumes. Cell cultivation in small culture volumes and sensitive evaluation with real-time tests permits screening and testing of many different substances and concentrations to determine cytotoxicity. 11, 12 For these reasons, we chose to use the real-time xCELLigence test procedure.
Primary pulp cells are very similar to genuine tissue and almost have non-changed metabolism. So, in laboratory condition, primary pulp cells can be a superior mimic. However, separation of primary cells from pulp requires much effort and is time-consuming, and the amount of resulting cells is often very small. Moreover, primary pulp cells have inadequate potential to divide and reach a nonproliferative status. In last years, to solve this problem, an immortalized bovine dental papilla-derived cell line was developed by transfection with coding sequences of Simian Virus 40 (SV40) large T-antigen. 17, 18 The major problem seems to be that this cell lines may be not the same from the original tissue. However, this cell lines were demonstrated to have the same biologic features as primary dental pulp cells. Consequently, it was suggested that this cell lines would be the ideal selections for biocompatibility investigations of dental materials. 16 Primary pulp cells are closely related to their original tissue and have a nearly unchanged metabolic state relative to this tissue. Thus, in vivo condi- tions may be better mimicked by conditions using primary pulp cells. And, they have also exhibited a high proliferation rate with the capability of sub-culturing for a high number of passages. Zinc oxide-eugenol cements (ZOE) are widely used for the temporary filling and luting of cast restorations. The biological properties of ZOE materials include desirable effects such as pain elimination, but they also provoke unwanted reactions. In the present study, the biocompatibility of commercially available ZOE and zinc oxide noneugenol (ZONE) temporary cements were investigated. Both ZOE and ZONE cements showed varying degrees of cytotoxicity, where the results from cultured cells were in agreement with those from many previous studies.
19 -21 Zinc oxide-eugenol is an important component of several provisional cements because of its bacteriostatic or bactericidal effects, low cost, easy clinical manipulation, and good sealing properties. 2 On the other hand, the toxicity of ZOE and ZONE cements has been demonstrated to be produced by the components of each material, such as the eugenol released from ZOE cements and zinc ion, which is released from both ZOE and ZONE cements. 22 HenstenPettersen and Helgeland 23 reported obvious cytotoxic effects of eugenol in four different test designs even 24 h after mixing. Direct pulp capping using ZOE cements on exposed vital pulp will lead to a severe inflammatory response and pulp necrosis. 24 Ülker et al. 25 reported that zinc oxide-containing temporary cement is not cytotoxic to bovine pulp-derived cells when tested using MTT method, even if dentin barrier does not exist. The present study demonstrated that Ultratemp, which contains zinc oxide, was cytotoxic to bDPCs. The test design and investigation conditions like as xCELLigence system and bDPCs cultures of present study are different from Ülker et al. 25 However, Kwon et al. 21 studied cytotoxicity of commercially available ZOE and ZONE cements by MTT test. They demonstrated that both ZOE and ZONE cements showed varying degrees of cytotoxicity in accordance with our data. These conflicted results may explain on test design, cell cultures differences, tested materials substance differences. And, they concluded that cytotoxicity evaluation for ZOE and ZONE cements were clearly different between animal-based cell line and humanbased primary cells. The results may depend on these differences.
Rely X Temp NE includes ZO and resin. Mixtures of ZO and resin are used as components of periodontal pastes, cements and root canal sealers. These materials also showed cytotoxic effects in this study. Other ingredients of both GC Fuji Temp and Rely X Temp NE are acrylic acid and polyacrylic acid, and Kurata et al. 26 reported that fibroblast proliferation decreased upon exposure to acrylic acid as the concentration of acid increased. Additionally, Sunzel et al. 27 reported that high amounts of resin mixture and pure resin acids were strongly associated with toxicity. GC Fuji Temp and Rely X Temp NE were demonstrated to be toxic to bDPCs cells in the present study as well.
Clinically, the thickness of the dentin layer between the pulp and temporary cement material is very important with regard to cytotoxicity. To mimic the clinical situation for temporary cements, artificial pulp chamber methods introducing dentin as a wall between test materials and pulp cells can be used in future studies. The dentin layer can be protective of pulpal tissue against the cytotoxic effects of temporary cements. 28 The present study demonstrated that except for Ultratemp, the tested temporary luting cements were cytotoxic to bDPCs cells. Hanks et al. 29 demonstrated that a layer of dentin can be used as a partial perfusion/diffusion wall for permeability testing. Dentin may serve as a diffusion and adsorption wall, thus decreasing the concentration of toxic elements that reach the pulpal tissue and possibly cause toxic reactions. 30 
CONCLUSION
In conclusion, in the present study, it was demonstrated that there was a difference among the tested materials when evaluating their cytotoxicity results using bDPCs cells. Future studies comparing the cytotoxicity results from different test methods or designs in correlation with in vivo or clinical biocompatibility methods will be useful when considering test methods to obtain clinically relevant results.
It appears that the tested temporary cements may be capable of causing pulpal damage. Dentists should therefore carefully consider the use of temporary cements on freshly cut dentin preparations.
